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(57)Abstract: 

PURPOSE: To provide a transparent multilayered sheet, 
which is excellent in weatherability and surface hardness 
and, at the same time, has shock resistance and large 
interlaminar bonding force and develops no harmful gas 
upon burning. 

CONSTITUTION: In a multilayered sheet, in which at one 
side or both sides of layer 1 made of a copolymer 
polyester (PETG) of polycyclihexylene terephthalate and 
ethylene terephthalate, a layer 3 made of polymethyl 
methacrylate (MMA), a layer 2 made of polycarbonate 
(PC) is integrally arranged between the PETG layer 1 
and the MMA layer 3. The transparent multilayered sheet 
can be produced by co-extruding the PETG, the MMA 
and the PC. At the co-extrusion, the meld viscosity of 
the PC is set to be 0.5-1.5 times as much as the melt 
viscosities of the PETG and of the MMA Further, the 
thickness of the PC layer is preferably set to be 50- 
1 ,000^im. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The transparence multilayer sheet characterized by allotting the layer of a 
polycarbonate to one in the middle of the layer of said copolymerized polyester, and the layer of 
polymethylmethacrylate in the multilayer sheet which allotted the layer of 

polymethylmethacrylate to both sides of the layer of the copolymerized polyester of polish clo 
hexylene terephthalate and polyethylene terephthalate. 

[Claim 2] The transparence multilayer sheet characterized by allotting the layer of a 
polycarbonate to one in the middle of the layer of said copolymerized polyester, and the layer of 
polymethylmethacrylate in the multilayer sheet which allotted the layer of 
polymethylmethacrylate to one side of the layer of the copolymerized polyester of polish clo 
hexylene terephthalate and polyethylene terephthalate. 

[Claim 3] The transparence multilayer sheet according to claim 1 or 2 characterized by the 
thickness of the layer of a polycarbonate being 1000 micrometers or less. 

[Claim 4] The transparence multilayer sheet manufacturing method characterized by facing co- 
extruding the multilayer sheet which allotted the layer of polymethylmethacrylate to both sides 
or one side of a layer of polish clo hexylene terephthalate and polyethylene terephthalate, 
allotting the layer of a polycarbonate between the layer of said copolymerized polyester, and the 
layer of polymethylmethacrylate, and co-extruding to one. [ of copolymerized polyester ] 
[Claim 5] The transparence multilayer sheet manufacturing method according to claim 4 
characterized by facing co-extruding and making melt viscosity of a polycarbonate into within 
the limits of 0.5 to 1.5 times of the melt viscosity of copolymerized polyester and 
polymethylmethacrylate. 

[Claim 6] The transparence multilayer sheet manufacturing method according to claim 4 or 5 
characterized by making thickness of the layer of a polycarbonate into within the limits of 50- 
1000 micrometers. 

[Claim 7] The transparence multilayer sheet manufacturing method characterized by allotting the 
layer of a polycarbonate to both sides or one side of a layer of polish clo hexylene terephthalate 
and polyethylene terephthalate, and carrying out thermocompression bonding of the film of 
polymethylmethacrylate to one on the front face of the layer of a co-extrusion and a 
polycarbonate. [ of copolymerized polyester ] 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the transparence multilayer sheet suitable for 
the application of an outdoor signboard, a highway acoustical insulation board, an inside-of~a~ 
shop ornament, a display, etc., and its manufacturing method. 
[0002] 

[Description of the Prior Art] Conventionally, many sheets of polymethylmethacrylate 
(henceforth "MMA"), a polycarbonate (henceforth "PC"), or a polyvinyl chloride (henceforth 
"PVC") are used for the outdoor signboard which needs transparency, the highway acoustical 
insulation board, and the inside-of-a-shop ornament member at home. On the other hand, the 
copolymerized polyester (henceforth "PETG") of polish clo hexylene terephthalate (henceforth 
"PCT") and polyethylene terephthalate (henceforth "PET") is recently used for the display 
application mainly by the U.S. overseas. However, Above MMA has the problem that shock 
resistance tends to break during migration of the time of finish-machining, and a product weakly. 
Moreover, PC is inferior to MMA in weatherability or surface hardness, and also there are 
problems, such as a foaming phenomenon resulting from moisture absorption of an ingredient, at 
the time of heating of the vacuum forming which is fabricating. PVC has a pollution problem at 
the time of ingredient abandonment. Although PETG is excellent in shock resistance or 
workability, it has a problem inferior to surface hardness and weatherability. Then, although the 
configuration which stuck the layer of MMA which is excellent in weatherability and surface 
hardness on the front face of the layer of PETG which is excellent in shock resistance and 
workability, and was united with it was considered, there is a problem on which the adhesive 
strength of the layer of MMA and the layer of PETG tends to exfoliate weakly. 
[0003] 

[Problem(s) to be Solved by the Invention] The technical problem which this invention tends to 
solve is offering the large transparence multilayer sheet of the layer indirect arrival force which it 
excels in weatherability or surface hardness, and there is shock resistance, and does not 
generate harmful gas at the time of combustion. Moreover, it is offering the manufacturing 
method of such a transparence multilayer sheet. 
[0004] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the 
transparence multilayer sheet concerning this invention is characterized by coming to allot the 
layer of PC to one in the middle of the layer of said PETG, and the layer of MMA in the 
multilayer sheet which allotted the layer of MMA to both sides of the layer of PETG which is the 
copolymer of PCT and PET. Moreover, another transparence multilayer sheet concerning this 
invention is characterized by allotting the layer of PC to one in the middle of the layer of PETG, 
and the layer of MMA in the multilayer sheet which allotted the layer of MMA to one side of the 
layer of PETG. The thickness of the layer of PC which exists in these and one in the middle of 
the layer of PETG and the layer of MMA is 1000 micrometers or less preferably. The 
manufacturing method of the transparence multilayer sheet concerning this invention is 
characterized by facing co-extruding the multilayer sheet which allotted the layer of MMA to 
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both sides or one side of a layer of PETG t allotting the layer of PC between the layer of said 
PETG, and the layer of MMA, and co-extruding to one. It faces co-extruding and melt viscosity 
of PC is preferably made into within the limits of 0.5 to 1.5 times of the melt viscosity of PETG 
and MMA. Moreover, thickness of the layer of PC is preferably made into within the limits of 50- 
1000 micrometers. Moreover, the manufacturing method of another transparence multilayer 
sheet concerning this invention is characterized by allotting the layer of PC to both sides or one 
side of a layer of PETG, and carrying out thermocompression bonding of the film of MMA to one 
on the front face of the layer of a co-extrusion and said PC. 
[0005] 

[Function] The transparence multilayer sheet concerning this invention secured shock resistance 
by the layer of PETG, and has improved the weatherability and surface hardness which are the 
fault of PETG by the layer of MMA allotted to the front face. When the layer of PETG and the 
layer of MMA were unified directly, both adhesive property found out that the multilayer sheet 
which adhesion increases by allotting the layer of PC to one at the time of post processing, and 
does not have interlaminar peeling in it weakly in the lifting and the cone having examined various 
transparent materials for interlaminar peeling among both could be obtained. The multilayer sheet 
by the combination of these three kinds of resin has high transparency, though it is the 
combination of the resin with which refractive indexes differ. Although especially the 
transparence multilayer sheet concerning this invention does not restrict the thickness 
configuration of each resin layer, even if it thickens the layer of PC especially, its bond strength 
does not necessarily improve in connection with it. If the layer of PC becomes thick too much, 
since the heating time when carrying out the vacuum forming of this multilayer sheet will become 
long and foaming accompanying moisture absorption will take place, it is desirable to set 
thickness of the layer of PC to 1000 micrometers or less from this viewpoint. If the above- 
mentioned multilayer sheet is manufactured by co-extrusion, it can prevent dust and dust mixing 
between each resin layer. In this case, if melt viscosity of PC is made into within the limits of 0.5 
to 1.5 times of the melt viscosity of PETG and MMA, it can control that the flow mark (striped 
pattern with the thin concentration made in the direction which intersects the direction of 
extrusion) occurs on the occasion of co-extrusion. Moreover, the bond strength between each 
resin layer also becomes very large by setting still more preferably 50 micrometers or more of 
thickness of the layer of PC to 100 micrometers or more in this case. 
[0006] 

[Example] PETG used in the following examples — refractive-index:1.569 — all — it is the thing 
of marketing with the melt viscosity:8000-10000 poise (it measures in 240 degrees C and shear 
rate:60.8sec~1) physical properties by the KYAPI log rough light transmission:85%. moreover, 
MMA — refractive-index:1.494 — all — it is the thing of marketing with the melt viscosity:8000- 
12000 poise (it measures in 240 degrees C and shear rate 60.8sec~1) physical properties by the 
KYAPI log rough light transmission:^ %. An ultraviolet ray absorbent and a coloring agent may be 
added if needed, furthermore, PC — refractive-index: 1.585 — all — melt viscosity: by the light 
transmission:87-91% and KYAPI log rough — 4000-1 8000poise is the thing of marketing which 
has 9000-1 1000poise (it measures in 240 degrees C and shear rate:60.8sec~1) physical 
properties preferably. An ultraviolet ray absorbent and a coloring agent may be added if needed. 
Since the fall of impact strength will be caused although weatherability improves if the layer of 
MMA is thickened, it is preferably made 500 micrometers or less. Moreover, on the occasion of 
co-extrusion, 200 micrometers or more 100 micrometers or more are good [ a layer ], since the 
layer of MMA will cause the fall of surface hardness and will be accompanied by the poor 
appearance of the flow mark at the time of co-extrusion, if it is thin still more preferably 
preferably. 

[0007] Hereafter, the example of this invention is explained concretely. 

As shown in an example 1 - 7 drawing 1 , the three layer sheet (2000-micrometer thickness) of 
transparence which united the layer 2 of PC and the layer 3 of MMA with one side of the layer 1 
of PETG in this sequence was manufactured by co-extrusion. "EKTARGN002" by Eastman 
Kodak and PC used made in Teijin Chemicals "the pan light AD 5503", as for PETG, MMA used 
the "AKURI pet IRS404" by Mitsubishi Rayon, and the extrusion conditions with each main resin 
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layer were carried out as shown in Table 1. And the thickness configuration of the melt viscosity 
of each resin layer at the time of the extrusion in each example and the conventional example 
mentioned later and each resin layer was shown in Table 2 and 3. Moreover, the property of each 
multilayer sheet measured based on the conditions shown in Table 4 was collectively shown in 
Table 2 and 3. 

[0008] In addition, although the example 2 lowered the extrusion temperature of PC, and raised 
the melt viscosity from the example 1, the example 3 made thickness of the layer of PC thinner 
than an example 1 and the example 4 made thickness of the layer of PC thicker than an example 
1, the multilayer sheet of these examples 1-4 does not have interlaminar peeling and the flow 
mark, and the result also with other good engine performance was obtained. An example 5 raises 
the extrusion temperature of PC and lowers the melt viscosity up to 0.47 times of MMA, and an 
example 6 lowers the extrusion temperature of PC and raises the melt viscosity up to 2.1 times 
of MMA. Although the poor flow mark was seen, as for these, the result with other good engine 
performance was obtained. Although the example 7 thickened thickness of the layer of PC and 
the foaming phenomenon was seen in the layer of PC in the sheet at the time of heating, the 
result with other good engine performance was obtained. 

[0009] Example 8PETG and PC are co-extruded, it considers as a bilayer sheet and 
thermocompression bonding of the film of MMA is carried out to the front face of the layer of PC 
immediately after a co-extrusion using the heat. Surface hardness fell a little, and also the good 
result was obtained. In order that it may supply the film of MMA from a roll on the occasion of 
thermocompression bonding, surface hardness is falling a little, because soft MMA is used 
somewhat. 

[0010] Although the layer of conventional example 1PC was lost and PETG and MMA were co- 
extruded, both adhesive property is small and interlaminar peeling occurred. 
0011] 
[Table V 
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[Table 3] 
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[0015] In the above-mentioned example, although the transparence sheet of three layers was 
explained, as shown in drawing 2 , it has the effectiveness as the above that the transparence 
sheet of five layers which united the layer 2 of PC and the layer 3 of MMA with both sides of the 
layer 1 of PETG according to the above-mentioned example in this sequence is also the same. 
Moreover, thermocompressioh bonding of each class may be carried out to one, and the 
transparence multilayer sheet concerning this invention may manufacture it, after carrying out 
extrusion molding of the layer of PETG, the layer of PC, and the layer of MMA according to an 
individual. 
[0016] 

[Effect of the Invention] As mentioned above, the transparence multilayer sheet concerning this 
invention is the large multilayer sheet of the layer indirect arrival force by unifying the layer of 
MMA which is excellent in weatherability and surface hardness, and the layer of shock-proof 
good PETG through the layer of PC. Compared with the monolayer sheet of the conventional 
MMA or PC, it excels in respect of shock resistance, weatherability, and damage resistance, 
holding transparency. If thickness of the layer of PC is set to 1000 micrometers or less, when 
carrying out the vacuum forming of this multilayer sheet, it can control that the layer of PC 
foams. If melt viscosity of PC is made into within the limits of 0.5 to 1.5 times of the melt 
viscosity of PETG and MMA when manufacturing the multilayer sheet concerning this invention 
by co-extrusion, generating of the flow mark can be controlled on the occasion of co-extrusion. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the example of the transparence multilayer sheet 
concerning this invention. 

[Drawing 2] It is the sectional view showing other examples of the transparence multilayer sheet 
concerning this invention. 
[Description of Notations] 

1 is the layer of PETG. 

2 is the layer of PC. 

3 is the layer of MMA. 
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DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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